Ventilator associated pneumonia may occur as a complication, in intubated patients under mechanical ventilation. In this study, we investigated the impact of early replacement of conventional endotracheal tube with an endotracheal tube with subglottic suction port on the incidence of ventilator associated events. We designed a randomized clinical trial, and enrolled 60 critical care trauma patients (31 in control group and 29 in intervention group). Conventional endotracheal tube was replaced with an endotracheal tube with subglottic suction port during first 12 hours of arrival in ICU in the intervention group. The incidence of ventilator associated conditions includinge ventilator associated pneumonia was measured, and compared between two groups. The incidence of ventilator associated conditions, infection-related ventilator associated complications, ventilator associated pneumonia according to center of disease control and prevention ( 
mechanical ventilation. Center for Disease Control and Prevention (CDC) has provided some definitions in this context, in order to increase objectivity, measurability, reliability, effectiveness and comparability of VAE surveillances 1 . When the patient's respiratory status becomes worse after a two-day period of stability or partial recovery, ventilator-associated conditions (VAC) have occurred; If the VAC is along with the evidence of infection including Fever, leukocytosis and prescription of a new antibiotic drug, infectionrelated ventilator-associated complication (IVAC) have occurred; Ultimately, ventilator-associated pneumonia (VAP) is one of the types of pneumonia developed in intubated patients, which underwent mechanical ventilation for at least 48 hours, before presentation of pneumonia 2 .
The most common organisms causing VAP, include gram-negative bacilli, particularly multi-drug resistant (MDR) types (Pseudomonas aeruginosa, Acinetobacter baumannii, Serratia, Enterobacter and Klebsiella), gram-positives such as Staphylococcus aureus and methicillin-resistant staphylococcus aureus (MRSA), Candida and Aspergillusis 3, 4 . The importance of these complications during mechanical ventilation are: an increase the duration of mechanical ventilation, length of ICU stay and hospital costs.
Considering the importance of the issue, recommendations for the prevention of VAP proposed, named VAP bundle; these include: the use noninvasive ventilation in selected populations, manage patients without sedation whenever possible, interrupt sedation daily, daily assess about readiness for extubation, perform spontaneous breathing trials with sedatives turned off, facilitate early mobility, utilize endotracheal tubes with subglottic secretion drainage ports for patients expected to require greater than 48 or 72 hours of mechanical ventilation, change the ventilator circuit only if visibly soiled or malfunctioning, elevate the head of the bed to 30-45 degrees, selective oral or digestive decontamination, regular oral care with chlorhexidine and prophylactic probiotics, ultrathin polyurethane endotracheal tube cuffs, automated control of endotracheal tube cuff pressure, saline instillation before tracheal suctioning and mechanical tooth brushing 5 .
Accumulation and micro-aspiration of oropharyngeal secretions at the top of the endotracheal tube cuff, in the subglottic region, is known as a key factor in the development of VAP 6 . In order to prevention of micro-aspiration, some endotracheal tubes with a special port for drainage of subglottic secretions using medical suctions or a simple syringe, are commercially available 7, 8 . In this study, the clinical outcome of replacing a conventional endotracheal tube with endotracheal tube with subglottic suction port were scrutinized.
MATERIALS AND METHODS
This study was performed in a tertiary referral teaching hospital with six intensive care units, include 54 intensive care beds, designed for trauma patients.
After the proposal approved by deputy of research and ethics committee, IRCT registration done. Any adult trauma patients, referred from emergency department, operation room or floor, to the one of these six intensive care units, initially evaluated by our research team; if the patient has including criteria, then enrolled in our study, after obtaining informed consent from the patient or his/ her legal guardian: has an endotracheal tube, anticipating the need for mechanical ventilation for more than 48 hours, hasn't any history or evidences of pneumonia, heart disease, airway problem, cervical spine injuries, immune deficiency state, obtaining immune-suppressant medications (cytotoxic chemotherapy or taking corticosteroids at a dose greater than 160 mg, hydrocortisone, prednisone 40 mg, 6 mg of dexamethasone or its equivalent). Patients excluded from study if the patient or his/her family refused during study, early discontinuation of mechanical ventilation or extubation (in first 48 hours) or patient died during less than 48 hours of initiation.
Any enrolled patient, was randomly assigned in control or intervention group, using a predefined random numbers sheet.
If the patient has enrolled in control group, we have continued the mechanical ventilation with their conventional endotracheal tube with an inner diameter of 7 or 7.5 mm for women and 8 or 8.5 mm for men; but If the patient has enrolled in intervention group, previous conventional endotracheal tube was replaced with an endotracheal tube with subglottic suction port (Mallinckrodt™ TaperGuard Evac Oral Tracheal Tube; Covidien, Mexico) with an inner diameter of 7 or 7.5 mm for women and 8 or 8.5 mm for men, through direct laryngoscopy, according to a written guide based on Doyle et al. study with few variations 8 :
1.
Ensure about the availability of all the equipment and medications needed for reintubation.
2.
Suction of the nasogastric tube 3.
Suction of oral cavity and endotracheal tube with separate suction catheters using infection control rules.
4.
Pre-oxygenation with 100% oxygen for atleast 5 minutes 5.
Use of propofol, midazolam, fentanyl or cisatracurium as needed, for patient comfort and facilitation of the intubation. 6.
Preparation of a proper size of endotracheal tube with subglottic suction port and insertion an intubation stylet in its lumen. 7.
Use of direct laryngoscopy and suction catheter to ensure the complete drainage of secretions from hypo-pharynx. 8.
Deflation of the previous tube's cuff, after proper visualization of laryngeal inlet and remove it and insertion of the new endotracheal tube and inflation of cuff. 9.
Ventilation of lungs and ensure the establishment of the tube in a convenient location. 10.
Fixation of the tube and connection of the patient to ventilator.
In two cases, tube replacement was done using a tube exchanger. Then we have continued mechanical ventilation as fashion. Intermittent subglottic suctioning was taken in the intervention group with a regular intervals (every 6 hours), through subglottic port, using a 10 ml simple syringe.
Endotracheal tube cuff pressure measured and regulated in both groups, using a manometer, set on 20 mm Hg (every 6 hours).
During the study, if tracheostomy planed for patient, surgical tracheostomy was done; in the control group we used conventional tracheostomy tube, but in intervention group, a tracheostomy tube with subglottic suction port (Mallinckrodt TM TaperGuard Evac Tracheostomy Tube; Covidien, Mexico) was used.
In order to ensure the equal intensive care for both groups during the study, data including: head of bed elevation compliance, stress ulcer prophylaxis prescription, hand hygiene compliance, oral hygiene with chlorhexidine mouthwash, proper use of heat-moist exchanger filters and obtaining scheduled surveillance cultures, investigated and recorded without any intervention.
Staff awareness of ventilator-associated pneumonia, preventing the unplanned departure of the patient's endotracheal tube and active monitoring of microbial colonization of the ICU patients were evaluated
Hand hygiene compliance, were audited based on the CDC checklist. The staff awareness of ventilator-associated pneumonia and its prevention were evaluated based on a questionnaire which previously its validity and reliability, have been proved in our country by Yeganeh et al 9 . All patients information, including: demographic data, APACHE IV score, hemodynamic measures (heart rate, blood pressure), ventilatory settings (Fio2, respiratory rate, tidal volumes, PEEP), respiratory measures (respiratory rate, tidal volumes, lung imaging, breathing sounds, arterial blood O2 and CO2, change in previous pattern of respiratory secretions and suction need, cough, dyspnea), change in mental status, and infection criteria (body temperature, white blood cell count, the number of prescribed antibiotics, purulent sputum), were checked and recorded during hospitalization, since ICU arrival, till discharge from hospital or death.
Data were analyzed using IBM SPSS software 23; Kolmogorov-Smirnov test was used to check the normality; as well as, Q-square, Student T test, Mann-Whitney U and logistic regression was used to compare variables between the two groups.
RESULTS
Demographic, clinical, laboratory and radiologic data were obtained from 60 patients in both groups. There was not any significant differences in age and apache IV score between two groups (Table1).
The incidence of ventilator associated conditions, infection-related ventilator associated complications, ventilator associated pneumonia The intensive care unit caregivers won the mean score of 6.1±1.76 of 10 in evaluation about VAP prophylaxis knowledge. Doctors, nurses, nurse assistances, radiology technicians, physiotherapists and service personnel won a mean score of 7.5±2.12, 6.32±1.57, 5.37±1.85, 6.5±2.12, 6.5±2.12 and 4.9±2.28 of 10, respectively. During this study, some complications occurred 4 cases had difficult intubation with laryngoscopy grade 3, according to CormackLehane system. Fortunately all were successfully intubated using simple intubation stylet, after 3-4 tries.
Re-intubation failed in one patient because of difficulty in passing the tube (subglottic stenosis). She was intubated using simple endotracheal tube and excluded from study.
DISCUSSION
According to the results of this study, replacing the conventional endotracheal tube with endotracheal tube with subglottic suction port, didn't decrease significantly the occurrence of ventilator-associated pneumonia based on CDC (PNU1) and CPIS criteria 10, 11 ; and also, didn't decrease hospital costs, intensive care unit length of stay or hospital length of stay, and didn't increase ventilator free days, significantly. On the other hand, our study revealed a trend to increase VAC and IVAC, after this intervention.
Two separate studies in 2014, conducted by Al-Sayaghi et al 12 and Safdari et al 13 , concluded that intensive care nurses' information about prevention of VAP is low, but the average personnel information was acceptable (> 60 %) in our study. Blot et al. reported that, only 70 percent of nurses in intensive care units are familiar with the suction of the subglottic secretions in order to prevent VAP 14 , this result is similar to our centers (67.06%).
Training the nurses is in adhere to the highly effective preventive principles as mentioned in Tolentino-de los Reyes et al. study 15 , therefore the need to continuing education in this field will be fully felt. Our study also showed, despite the acceptable awareness of personnel, hand hygiene compliance is less than expected; so these educations must be combined with frequent reminders and ongoing surveillance, as reported by Hamishehkar et al 16 Despite of clinical evidences about the usefulness of endotracheal tube with the ability of subglottic suction for prevention of VAP 17, 18, 19, 20, 21, 22 , its use, does not take place widespread 23 ; this maybe, because of higher prices of these endotracheal tubes, compared to the conventional endotracheal tubes (5-10 times). Most patients who admitted in our intensive care units and need prolong mechanical ventilation, have a conventional endotracheal tube, in this context we thought about a new solution: "elective replacement of conventional endotracheal tube using endotracheal tube with subglottic suction port, in intensive care unit", early after decision to mechanical ventilation for at least 48 hours, an idea that had beneficial effects in the study of Doyle et al 8 ; In that study, endotracheal tube replacement fallowed by using PneuX system (Venner Medical, Singapore), a certain tube with cuff pressure monitoring, warrant sealing, to reduce the aspiration of the secretions, together with intermittent suction of subglottic secretions; their study showed significant reduction in VAP incidence. In our study we also used intermittent suction of subglottic secretions but didn't use automated cuff pressure monitoring, because of unavailability and limited financial resources; Different results may be due to importance of sealing, using continuous cuff pressure monitoring and adjustment in order to prevent microaspirations.
Replacement of endotracheal tube always is associated with some concerns about the risk of cardiac or respiratory complications, may be occurred during or after procedure: loss of airway due to difficult intubation and aspiration pneumonia are the historical concerns about reintubation 24, 25 . These complications mostly occurred with reintubation after accidental extubation or extubation failure, and are associated with increase morbidity, mortality, hospital length of stay and intensive care unit length of stay 24, 25 . Our study was based on elective endotracheal tube replacement with predesigned preparations and percautions, including the mouth secretions suction and extubation under direct laryngoscopy, so may create different conditions and we expect these complications, rarely; it seems, we are thought right.
We have chosen intermittent versus continuous subglottic suction, due to concerns about complications of continuous suction (possible tracheal mucosal prolapse into the suction port and injury of tracheal mucosa), reported by Switzerland et al 26 , Dragoumanis et al 27 and Wang et al 19 . Because of our limitations in the field of quantitative bacterial cultures, two non-culture based measures of pneumonia (PNU1 and CPIS) were used for diagnosis of VAP.
Our study showed that VAC and IVAC are more detected after endotracheal tube replacement with endotracheal tube with subglottic suction port, and the VAP was not significantly reduced. VAC may occurred because of atelectasis, pulmonary edema, acute respiratory distress syndrome (ARDS) or or VAP 1 and increased VAC in this study may be due to other reasons, specially, atelectasis and segmental collapse fallowing discontinuation of positive pressure ventilation during reintubation; Also, IVAC may be due to a VAC plus a fever do not related to the pneumonia (other infections, drug induced, etc.); However, it may be caused by pneumonia (VAP).
VAP relatively, more occurred in trauma patients, than nontrauma patients (17.8% vs. 3.4% in Cook et al. study), it may be due to patient's condition and environmental insults include invasive procedures and gram negative organisms 28, 29 . In our study, the incidence of VAP was 49.95% in trauma patients. One of the probable reason for our inability to reduce VAP rate, may be, the conducting of our study in a trauma center with the patients, who may have rib fractures and lung contusions 29 . One of our challenges during this study was the concerns of physicians and nurses about the risk of unwanted life-threatening events during reintubation as discused before; this problem was partly solved by their justification according to scientific evidences, proper case inclusion and safe reintubation based on a pre-written protocol.
This pilot study, provided a realistic incidence of ventilatory associated events (VAE) and possible problems related to the replacement of conventional endotracheal tube with endotracheal tube with subglottic suction port. Our study has some limitations, including small sample size that could not provide conclusive results, but it can help us to design future studies. To achieve conclusive results in this field, multi center studies with a sample size of at least ten times is recommended According to the results of this study and previous studies, it seems that, the logic strategies are: 1. the use of endotracheal tube with subglottic suction port for patients who are scheduled for elective or emergent intubation and mechanical ventilation. 2. Patients transferred to intensive care unit with a conventional endotracheal tube, should be continued with same tube, until risk-benefit and cost-benefit of tube replacement to be determined through future studies. 3. Obviously, if we need to replace endotracheal tube for other reasons such as malfunction, the use of endotracheal tube with subglottic suction port should be considered.
CONCLUSION
According to our study results, the early replacement of conventional endotracheal tube with an endotracheal tube with subglottic suction port in intensive care unit, cannot be recommended as routine, because of undetermined its capability to reduce ventilator associated events and hospital costs, aside from concerns about some lifethreatening events such as airway loss and pulmonary aspiration. Further investigations are recommended.
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